ples on yeast extract-malt extract (YM) agar plates supplemented with chloramphenicol (100 μg ml 1 ) and sodium propionate (0.2% w/v) .
Examination of morphological, physiological, and biochemical characteristics. Most of the morphological, physiological, and biochemical characteristics were examined by the methods described by Yarrow (1998) . Vitamin requirements were determined according to the method of Komagata and Nakase (1967) . The maximum growth temperature was determined in YM broth using a metal block bath.
Ubiquinone system. Cells were grown in 500 ml Erlenmeyer fl asks containing 250 ml of YM broth on a rotary shaker at 150 rpm at 25 C and were harvested by centrifugation in early stationary growth phase. The cells were washed three times with distilled water. Ubiquinones were extracted, purifi ed and identifi ed according to Nakase and Suzuki (1986) .
Isolation and purifi cation of nuclear DNA. Nuclear DNA was isolated and purifi ed according to Holm et al. (1986) .
DNA base composition. The DNA base composition was determined by HPLC after enzymatic digestion of DNA to deoxyribonucleosides as described by Tamaoka and Komagata (1984) using DNA-GC Kit (Yamasa Shoyu Co., Ltd., Chiba).
Sequencing and phylogenetic analysis. The nucleotide sequences of the D1/D2 domain of LSU rRNA gene were directly determined according to the method reported by Kurtzman and Robnett (1998) . The sequences determined in this study were deposited in the DDBJ database under the following accession numbers: ST-343=BCC 15056 = NBRC 105213, D1/ D2 domain of LSU rRNA gene (DQ404509); ST-434 T = BCC 15131 T =NBRC 105214 T , D1/D2 domain of LSU rRNA gene (AB498765). The sequences were aligned with related species by CLUSTAL X ver. 1.83 (Thompson et al., 1997) . The phylogenetic tree was constructed from distances transformed by the method of Kimura (1980) using the neighbor-joining method (Saito and Nei, 1987) . Sites where any gaps existed in any sequences were excluded. Bootstrap analyses (Felsenstein, 1985) were done based on 1,000 random resamplings.
Electron microscopy. For scanning electron microscopy (SEM), the sample was prepared as follows. After confi rmation of suffi cient production of ascospores using a light microscope, the ascosporogenous cells were treated with Zymolyase 100T (Seikagaku Kogyo Co.) solution (1 mg/ml) for 2 h at 37 C to digest ascus walls, and washed twice with 0.1 M phosphate buffer (pH 7.2) by centrifugation. The free ascospores were then fi xed with 2% glutaraldehyde in phosphate buffer for 2 h at 4 C and 1% osmic acid in phosphate buffer. The fi xed samples were dehydrated by passing through a graded acetone concentration series of 30, 50, 60, 70, 80, 90, 95 , and 100% at 15 min intervals, and then were transferred to isoamylacetate for more than 2 h. Small drops of isoamylacetate suspension of dehydrated samples of ascospores were spread on a small piece of fi lter paper and subjected to critical point drying in an HCP-2 (Hitachi Ltd.). The dried ascospores were spread on a small piece of aluminum foil on a mounting metal and coated with platinum at 10 mA for 3.5 min in vacuo (4 Pa) using ion sputtering apparatus JUS-5000 (JEOL Ltd.). The preparations were examined under a scanning electron microscope (Hitachi S5200) at 5.0 kV.
For transmission electron microscopy (TEM), the ascospore-producing cultures were fl ooded with 1.75% glutaraldehyde in 1/15 M phosphate buffer and the cells collected by centrifugation were fi xed in the same glutaraldehyde solution for 2 h at room temperature. After washing in the buffer, the sample was divided into two aliquots; one was treated with Zymolyase 100T as for the samples prepared for SEM and the other was not treated. Then samples were postfi xed with 2% osmic acid in phosphate buffer. The fi xed samples were embedded in Spurr s resin after dehydration following the same procedures as for SEM samples. Ultrathin sections were obtained on an ultramicrotome Ultracut UCT (Leica Microsystems) with a diamond knife, and stained with 0.5% aqueous solution of KMnO 4 and lead citrate before observation with a Hitachi H7600 operated at 100 kV.
Results and Discussion
In a phylogenetic tree based on the D1/D2 domain sequences of LSU rRNA genes, strains ST-343 and ST-434 are located in the Vanderwaltozyma clade and formed a clade with V. verrucispora and two unassigned yeast strains though the bootstrap confi dence level is not very high, then connected with V. yarrowii, and then connected with a cluster including V. polyspora and several undescribed strains found in Taiwan with high bootstrap support (Fig. 1) . The two strains had the identical D1/D2 sequences and differed from Vanderwaltozyma sp. GY47S06 and GY46S05, the nearest unassigned strains, by 12 nucleotides (2.2%), 11 substitutions and 1 indel, and from V. verricispora, the nearest known species, by 13 nucleotide substitutions (2.3%). The difference in D1/D2 domain clearly suggests that the two strains represent different species from these relatives (Kurtzman and Robnett, 1998) . It is concluded that strains ST-434 and ST-343 represent a novel species of the genus Vanderwaltozyma. Vanderwaltozyma tropicalis sp. nov. is proposed in the present paper as the fourth species of the genus.
In the phenotypic characteristics V. tropicalis showed characteristics similar to V. verrucispora but is distinguished from it by the assimilation of trehalose, inability to grow in 0.1% cycloheximide and by higher maximum growth temperature.
Ascospore production by ST-434 is good on corn meal agar and YM agar, and abundant on certain places of the slide culture with corn meal agar (Fig. 2D) , while ST-343 poorly produced ascospores after 1 month s cultivation on corn meal agar and YM agar at 15 C. Ascospores are produced parthenogenetically or after heterogamic or isogamic conjugation of vegetative cells and appear globose to short ellipsoidal with smooth walls under a light microscope (Fig.   2B D) .
Ascospore morphology was further examined with both scanning and transmission electron microscopy. Scanning electron microscopy revealed that the surface of the ascospores was rough in appearance, being covered with irregularly dispersed warts ( Fig. 2E ). This structure appeared in thin section-TEM as warty protuberances (arrows a in Fig. 2F ) on the wavy circumference of the outer wall of the ascospores (arrow b in Fig. 2F ). Figure 2G shows the ascospore structure after removal of the ascus wall by Zymolyase treatment. Lee et al. (2009) described Vanderwaltozyma verrucispora based on three strains, two from Japan and one from Taiwan, and reported that this species formed ascospores with warty surfaces different from two known species of the genus, V. polyspora and V. yarrowii. As mentioned above, V. tropicalis formed warty ascospores like V. verrucispora though the warts are not as prominent as those of V. verrucispora.
The strain ST-434 is chosen as the type strain because ascospore production was better in that strain. A: Vegetative cells grown in YM broth for 3 days at 25 C. B, C: Ascospores produced in corn meal agar after 10 days at 25 C. D: Ascospores abundantly produced on slide culture with corn meal agar after 22 days at 25 C. E: A scanning electron micrograph of ascospores treated with Zymolyase. Surface of the ascospores is wavy with warty protrusions (arrow). F: A section of ascospores surrounded by the ascus wall (arrow b). Layered structure of the ascospore wall is clearly shown, accompanying warty protuberances (arrows a). G: A section of ascospores. Ascus wall was removed by Zymolyase treatment. Irregular wavy surface of the ascospore wall is shown. Warty protuberances are not so clear as in losum. Glucosum, galactosum, trehalosum (lente) et glycerolum (vel nullum) assimilatur at non sucrosum, maltosum, cellobiosum, lactosum, melibiosum, raffi nosum, melezitosum, inulinum, amylum solubile, methanolum, ethanolum, erythritolum, ribitolum, galactitolum, xylitolum, salicinum, acidum succinicum, acidum citricum, inositolum, 3diolum Growth in YM broth: After 3 days at 25 C, cells are short-ovoidal to long ovoidal, ellipsoidal, rectangular to cylindrical or sausage-shaped, occur singly, in pairs or in short chains, 2 5 3 9 μm ( Fig. 2A) . Trace of a ring and sediment are produced. After 1 month at 15 C, an incomplete ring and sediment are present.
Growth on YM agar: After 1 month at 20 C, the streak culture is pale brown to pale brownish-grey, smooth, shiny to dull-shiny, soft and has an entire margin.
Slide culture on corn meal agar: Pseudomycelia are not produced on corn meal agar or YM agar.
Ascospore formation: The ascus is produced parthenogenetically or after heterogamic or isogamic conjugation (Fig. 2B D) . Under light microscope, as-cospores look globose to short ellipsoidal with smooth walls, 1.5 2.5 1.5 3 μm, 1 4 in the ascus. Under electron microscope, they are wavy with warty protrusions ( Fig. 2E G) .
Fermentation: Glucose and galactose are fermented. Trehalose is not fermented.
Assimilation 
